General properties and relative activities of L-arginine decarboxylase (ADC) (EC 4.1.1.19) and L-ornithine decarboxylase (ODC) (EC 4.1.1.17), two important enzymes in putrescine and polyamine biosynthesis, were investigated in mung bean (Vigna radiata L.) tissues. Both activities increase linearly with increasing concentrations of crude enzyme, but the increase in ADC activity is considerably greater. The decarboxylation reaction is linear for up to 30 to 60 minutes, and both enzymes have a pH optimum of 7.2. a-Difluoromethyl-ornithine inhibits ODC activity of excised roots, while increasing ADC activity.
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High specific activity of both enzymes is detected in terminal buds and leaves, while root and hypocotyl activity is low. Different ADC-to-ODC activity ratios are found in various tissues of mung bean plants. Substantial increase in the activity of both enzymes is detected in incubated sections as compared with intact plants. A comparison of several plant species indicates a wide range of ADC-to-ODC activity ratio.
It is suggested that both ADC and ODC are active in plant tissues and that their relative contribution to putrescine biosynthesis is dependent upon the type of tissue and growth process.
The importance of polyamines in various growth and physiological processes in plants has been inferred from both application of exogenous polyamines and from changes in endogenous polyamines and related metabolites (1, 2, 4, 9, 13) . Thus, a better elucidation of the role of polyamines in plant physiology warrants a careful examination of the various metabolic steps involved. ADC2 (EC 4.1.1.19) and ODC (EC 4.1.1.17) are two key enzymes in the biosynthetic pathway of polyamines. Extensive studies (3, 6, 7, 15) with mammalian cells established ODC as the key enzyme for synthesis of putrescine from L-ornithine, putrescine being metabolized later to spermidine and spermine. In plants, however, ODC seemed to be of less importance, and it has been claimed that putrescine is synthesized from L-arginine by ADC via the intermediate, agmatine (17, 18) . This was supported by the relative high ADC activity found in plant tissues in response to several growth stimuli and physiological conditions. Thus, ADC activity was increased in embryonic cells of Daucus carota (13) , in potassium-deficient barley (17) , and in soybean seedlings grown on ammonium (1 1). Similarly, N6-benzyladenine enhanced ADC activity in cucumber cotyledons (20) , and ADC was found to be controlled by phytochrome and GA3 (8) 2Abbreviations: ADC, L-arginie decarboxylase; ODC, L-ormithine de- carboxylase.
ADC and ODC are active and involved in polyamine biosynthesis (16, 19, 21) . In recent studies (10) , ODC activity of developing tomato fruits was found to increase dramatically up to the 3rd day after pollination, while ADC activity was very low, and both arginine and ornithine were equally well decarboxylated in tobacco cell cultures (5) .
In view of the contradictory results regarding the activity and importance of ADC 
RESULTS
General Properties. The linearity of ADC and ODC activity, with increasing concentrations of crude enzyme, is depicted in Figure 1 . The greater increase in ADC activity of mung bean epicotyls resulted in an increasing ADC-to-ODC ratio, when expressed both on fresh weight basis and as specific activity. ADC and ODC activity proceeded at a linear rate for up to 30 min and 60 min, respectively (Fig. 2) . All assays were, therefore, run for 30 to 60 min. Optimum pH for both enzymes was 7.2 ( Fig. 3) , ADC evincing a greater decline in activity at both lower and higher pH values. Partial characterization of the enzymic system of mung bean was done by analyzing the effect of a-difluoromethyl-ornithine, an enzyme-activated irreversible inhibitor of ODC (Table  I) . Treatment of excised roots with 0.1 mm and 1 mmi a-difluoromethyl-ornithine resulted in 55 to 69% inhibition of ODC activity (Table IT) . The ADC and ODC activity of leaves was relatively high, and the lower protein content of the subapical epicotyl section was manifested in higher specific activity values. ADC-to-ODC activity ratio was especially high in epicotyl and roots. A comparison of ADC and ODC activity in intact seedlings and in sections incubated in buffer for 24 h (Table III) indicates a considerable increase of enzyme activity as a result of excision and incubation. Both ADC and ODC activity increased equally in incubated leaf sections, while a greater increase in ODC activity was especially evident in epicotyl and root sections. The relative activity of the two polyamine biosynthetic enzymes was further investigated in three different plant species (Table IV) . Cotton hypocotyls had the lowest ADC activity of the three species which were assayed, while no ODC activity could be detected in French bean hypocotyls. These differences in activity are reflected in the ADC-to-ODC ratio.
DISCUSSION
It has been claimed that L-argiine decarboxylation is the main pathway for putrescine biosynthesis in plants (17, 18) . However, the simultaneous activity of ADC and ODC in mung bean plants and the similarity in their enzymic properties (Figs. 1-3) indicate that no exclusive pathway for putrescine formation should be considered apriori. Rather, the synthesis of putrescine and related polyamines may involve both ADC and ODC as well as other enzymes (Fig. 4) . Because both ADC and ODC can be the ratelimiting enzymes in putrescine formation, factors which control their relative activity are of special importance for polyamine biosynthesis and effects in plants. Thus, ADC and ODC activity can be regulated by: (a) concentration and availability of arginine and ornithine; (b) interconversion of arginine and ornithine and the degree of their metabolism other than to putrescine; (c) activation, half-life, and compartmentation of ADC and ODC; and (d) de novo enzyme synthesis in response to specific hormonal and physiological stimuli. The tissue-specific activation of ADC or ODC (e.g. a markedly higher ADC-to-ODC ratio in roots, Table II ), the differential stimulation of decarboxylation activity in response to excision and incubation, (e.g. ODC increasing more than ADC, Table III) , and the considerable difference in ADC and ODC activity in various plant species (Table IV) all may be related to the above-mentioned factors. The possible modulation of ADC and ODC is partially evidenced by the observation that blockage of the ODC route results in the activation of the alternative ADC route (Table I ). This is in accordance with earlier observations on multiple pathways for putrescine biosynthesis in Escherichia coli (14) . ODC inhibition by a-difluoromethyl-omithine did not affect ADC activity of tobacco cell cultures (5) . In addition, arginine and ornithine are equally well incorporated into putrescine, spermidine, and spermine (R. Friedman, A. Altman, U. Bachrach, unpublished data).
Other investigations, which show activation of ADC and/or ODC in response to several growth stimuli (8, 10, 13, 19, 20) as well as the specific activation of ODC in salt-stressed roots (R. Friedman, A. Altman, U. Bachrach unpublished data), support our conclusion that the relative contribution of ADC and ODC to putrescine biosynthesis is dependent on the type of tissue and on the specific growth process. The elucidation of several possible control mechanisms will be reported in a subsequent paper.
